Abstract -General equilibrium models of international fluctuations that assume complete asset markets predict that consumption will be highly correlated across countries, while the data display correlations that are rather low. It has become common to characterize this empirical regularity by noting that cross-country consumption correlations tend to be lower than corresponding output correlations. This note reconsiders that characterization and demonstrates that it is not particularly robust. It also documents a related regularity that is more pervasive: Consumption fluctuations are more highly correlated with domestic production than with world output. This provides an alternative standard for evaluating models of international fluctuations.
I. Introduction
In dynamic general equilibrium models of international fluctuations, a common assumption is that world financial markets are complete in the sense that individuals in different countries are able to fully hedge specific consumption risks using international asset trade. Examples of this research include Cantor and Mark (1988) , Stockman and Tesar (1995) , Devereux et al. (1992) , Backus et al. (1992 Backus et al. ( , 1995 , Baxter and Crucini (1993) , and Tesar (1993) , among others.
Clearly, the assumption that markets are complete in a literal sense is unrealistic. Yet it may not be too much to expect that international financial markets are sophisticated enough that the complete-markets assumption can serve as a useful approximation. Nevertheless, the empirical implications of the complete-markets assumption appears to be at odds with the data along several dimensions.
One particular feature that has been a focus of attention is the correlation of consumption fluctuations across countries. If individuals in different countries are able to trade assets in order to diversify risk and smooth consumption, as these models assume, theory suggests that consumption movements should be highly correlated across countries. In fact, the data suggest that cross-country consumption correlations are rather low, tending to be even lower than the corresponding cross-country output correlations. Backus et al. (1992) called this piece of evidence ''the most striking discrepancy'' existing ''between theory and data.'' Others have cited this apparent contradiction as indicating that asset market incompleteness might be a necessary feature of models seeking to explain the dynamics of international fluctuations. 1 This note considers some of the existing evidence on cross-country consumption correlations and presents additional findings. Using time series drawn from two sets of international data, I demonstrate that the particular ranking of consumption and output correlations often cited in the literature is not particularly robust.
This note also documents a related regularity that appears to be more pervasive: In the presence of complete asset markets, theory suggests that consumption should be more highly correlated with total world production than with domestic output, while the data show the opposite. This characterization of the issue provides an alternative standard for evaluating models of international fluctuations.
The next section describes a simple model framework that shows how the complete-markets assumption implies both high cross-country consumption correlations and high correlations between an individual country's consumption and total world output. The following section reviews and extends the evidence on cross-country consumption and output correlations, demonstrating that although the observation of ''low'' consumption correlations across countries is robust to changes in definitions, data frequency, and detrending methods, the specific finding that consumption correlations are lower than output correlations is not universal, nor is it generally statically significant. However, the alternative characterization is shown to be robust and significant.
II. A Simple Example
In a simple endowment model, the implications of asset market completeness for the behavior of consumption fluctuations are readily apparent. Consider a two-country, representative agent model in which agents receive stochastic endowments of a nonstorable consumption good each period; the home country receives Y t and the foreign country receives Y* t .
The agents maximize discounted sums of current and future utility, with preferences for consumption in each period given by homothetic utility functions u(C t ). The discount factor and the functional form of the utility function are assumed to be common to both agents.
In the case of complete asset markets, standard welfare theorems can be invoked to find the equilibrium as the solution to a social planner's problem (given welfare weights and * ),
(1) subject to a sequence of resource constraints for each period t,
The first-order conditions to this problem yield the fundamental relationship
With identical homothetic utility functions it is clear that equation (3), which requires the ratio of marginal utilities to remain constant, implies that consumption will be perfectly correlated between the two countries. 2 The inclusion of additional arguments in the utility function-for example, leisure or nontraded goods-would temper the extreme outcome of perfect consumption correlations. Nevertheless, the implication of high cross-country consumption correlations has proven to be robust to these modifications. 3 Received for publication September 19, 1995 1 See, for example, Kollmann (1990) and Baxter and Crucini (1995) .
2 Equation (3) could also be derived as the solution to a decentralized asset market equilibrium, in which the ratio */ would represent the ratio of shadow prices on the agents' intertemporal/interstate budget constraints.
3 Examples of models incorporating nontraded goods include Tesar (1993) and Backus and Smith (1993) . Devereux et al. (1992) specifically At the opposite extreme, suppose that no international asset trade is possible. In this case, there is no possibility for exchanging goods before the resolution of uncertainty, and no incentive to do so afterward. As a result, each country's consumption identically equals its production. Cross-country consumption and output correlations would be equal.
An alternative characterization of these two asset market settings can be described in terms of correlations of consumption with domestic and world output. In the case of complete asset markets, equation (3) implies that the optimal contract calls for dividing the total quantity of world output in fixed proportions. Hence, each country's consumption is perfectly correlated with world output, W t ϭ Y t ϩ Y* t , and the correlation of each country's consumption with domestic production is less than 1.
In the absence of any asset trade, however, consumption is perfectly correlated with domestic production, and the correlation of each country's consumption with world output will be less than 1 as long as output is not perfectly correlated across countries.
The stark implications of this simple model are clearly attributable to the simplicity of its structure. Nevertheless, some general conclusions carry over into richer model environments: In the absence of asset trade, we would expect to find that consumption is highly correlated with domestic production and probably not very highly correlated with world output or with other countries' consumption. When asset markets are complete, we would expect to find that consumption movements are highly correlated across countries and that each country's consumption will be more highly correlated with world output than with its own domestic production. 4
III. Evidence

A. Previous Studies
The empirical finding that cross-country consumption correlations tend to be lower than cross-country output correlations has been proposed as an empirical regularity in papers by Backus et al. (1992 Backus et al. ( , 1995 . These studies presented correlations of various industrial countries' consumption and output with the United States. Though the two papers cover different sample periods and sets of countries, both use quarterly data that had been detrended using the Hodrick and Prescott (HP) (1980) filter. 5 They find that correlations of U.S. consumption with foreign consumption are uniformly lower than correlations of U.S. output with foreign output.
Generally confirming these findings, Baxter and Crucini (1993) present bilateral correlations using quarterly, HP filtered data among eight industrial countries. 6 In only one of their correlation comparisons (Germany and the United States) is the output correlation lower than the consumption correlation.
Correlations calculated by Tesar (1993) support the consumptionoutput correlation ranking generally, but with several exceptions. Although the country coverage in Tesar is similar to the others, she detrends the data using first-differencing (as opposed to the HP filter). 7 In six of her 15 bilateral comparisons, the consumption correlation is higher than the output correlation. Obstfeld (1994a,b) examines growth rate correlations using annual data from the Penn World Tables (Summers and Heston (1991) ). He also concludes that consumption correlations tend to be lower than output correlations, although there are many exceptions in his reported results. In Obstfeld (1994a) , consumption correlations exceed output correlations in eight of 42 bilateral comparisons for the G-7 countries. Considering a broader range of countries, and comparing correlations with constructed rest-of-world variables, Obstfeld (1994b) again confirms the general result of Backus et al., but again with many exceptions. For the sample period of 1951-1972, consumption correlations are higher than output correlations for 16 of 42 countries. 8 Taken as a whole, these studies tend to support the contention that consumption correlations tend to be lower than output correlations, but with somewhat less uniformity than asserted by Backus et al. Moreover, none of these studies examine the statistical significance of the relative ranking of output and consumption correlations. 9
B. Quarterly OECD Data
In order to investigate these results further, a set of bilateral correlations were calculated using quarterly data for 15 OECD countries. The differences among previous studies suggest that the results may be sensitive to the method of detrending; hence, both logged first-differenced and logged HP-filtered data were examined. Tables 1 and 2 present correlations calculated after detrending by each of the methods. The results differ from previous studies in several respects. Most notably, the ranking of consumption correlations versus output correlations is less pervasive than is often suggested. For correlations involving the United States (corresponding to the results presented in the papers of Backus et al.) , the finding that consumption correlations are lower than output correlations is generally supported by the point estimates. When bilateral comparisons among other countries are included, however, there are a number of observations for which the reverse is true. Both the output and the consumption correlations tend to be higher for the HP-filtered data than for the first-differenced data, indicating that the different frequencies isolated by the two techniques matter for the characterization of comovements. 10 For the vast majority of the 120 individual comparisons reported in each of tables 1 and 2, a null hypothesis of equal correlations cannot be address the incorporation of leisure in the preference specification as a way of lowering the cross-country consumption correlation. 4 The latter characterization was pointed out by Lucas (1982) . Mace (1991) describes a closely related characterization: that individual consumption varies positively with aggregate consumption.
5 In Backus et al. (1992) the data are obtained from the IMF's International Financial Statistics, with sample periods reflecting data availability. Nominal magnitudes are deflated using output deflators. In the later paper (Backus et al. (1995) ) real data are from the OECD's Quarterly National Accounts, with a uniform sample period of 1970:Q1-1990:Q2.
6 The Baxter and Crucini data set ends in the mid-1980s, and all series were converted to per capita by dividing by population. Annual population figures were log-linearly interpolated to find quarterly estimates. As in Backus et al. (1992) , Baxter and Crucini use gross domestic product (GDP) deflators to convert nominal consumption to a real measure. 7 Tesar uses nominal consumption series reported in International Financial Statistics, converting the data to real terms by using consumer price indexes. 8 In both of the Obstfeld papers, the data are divided into two sample periods, 1951-1971 and 1973-1988. 9 In addition to these studies of international risk sharing, Mace (1991) and Cochrane (1991) consider risk pooling using microeconomic data, whereas Crucini (1992) and Atkeson and Bayoumi (1993) consider risk pooling among regions within countries. 10 The properties of the HP and first-difference filters are examined in the frequency domain by King and Rebelo (1993) . They illustrate that while both filters eliminate very low-frequency movements, the HP filter preserves more low-frequency content and the first-difference filter tends to emphasize higher frequency movements. rejected at conventional significance levels. 11 For the first-differenced data, the consumption correlation is lower than the output correlation at a 10% significance level in only 16 cases. In five cases the output correlation significantly exceeds the consumption correlation. The correlations using HP filters are somewhat more supportive of the Corr(C , C*) Ͻ Corr(Y, Y*) result: the consumption correlation is significantly lower than the output correlation in 42 cases, whereas the opposite inequality is significant in four cases. The null hypothesis of equal correlations cannot be rejected for most cases, however.
One striking feature of the correlations for both detrending methods is the generally positive correspondence between consumption and output correlations. That is, pairs of countries which have relatively high correlations of output also tend to have relatively high consumption correlations.
This observation suggests that consumption and output within countries are highly correlated, a finding that is confirmed in table 3. Recall that the assumption of complete markets has two related implications for consumption correlations: that they should be highly correlated across countries, and that each country's consumption fluctuations should be more highly correlated with world output than with domestic output. The statistics in table 3 clearly refute the latter hypothesis. Only for the Netherlands is consumption more highly correlated with world output (as approximated by total OECD production) than with domestic output, and this is only true for the first-differenced data. For all other countries, the null hypothesis that Corr(C t , Y t ) ϭ Corr(C t , W t ) is rejected in favor of Corr(C t , Y t ) Ͼ Corr(C t , W t ) at high levels of significance. 
C. Annual Data from the Penn World Tables
Further evidence can be obtained from the annual international data set known as the Penn World Tables (PWT) . Following the practice of previous research using the PWT data, only those countries that were given a data quality grade of CϪ or higher by Summers and Heston (1991) are included. This set includes 73 countries.
With data for 73 countries, there are far too many bilateral correlations to report in any easily digestible form. Moreover, the bilateral correlations examined thus far may not be a particularly informative measure of consumption risk pooling, particularly for many of the smaller countries in the PWT data set. A more appropriate approach might be to compare correlations of individual countries' data with corresponding aggregates representing the ''rest of the world. '' 12 Figure 1 illustrates the pattern of correlations found when calculated on this basis. 13 These comparisons are broadly consistent a Corr (C, W) Ͻ Corr (C, Y ) significant at the 5% level.
12 Obstfeld (1994a) suggests that this approach also has desirable statistical advantages. 13 World totals are defined as per-capita output and consumption totals for the 50 countries for which there is a complete set of data over the entire sample period. Per-capita rest-of-world variables are defined as the world total times world population, less the own-country measure times population, divided by rest-of-world population.
with the results reported earlier for bilateral comparisons using OECD data. The ranking of consumption versus output correlations is mixed, although there is a greater tendency for relatively low consumption correlations when the first-difference filter is used. 14 Probability values calculated for the correlations show that the null hypothesis of equal correlations is rejected in favor of Corr(C, C*) Ͻ Corr(Y , Y*) at a 10% significance level in only five cases for both the first-differenced data and the HP-filtered data. 15 Figure 2 shows the correlations of consumption with own-output and rest-of-world output using the PWT data. Once again, the results of this comparison are clear: consumption fluctuations are consistently more highly correlated with domestic production than with total world output. Of the 73 countries in the sample, only one point estimate violates this pattern. The hypothesis of equal correlations is strongly rejected in favor of Corr(C , Y) Ͼ Corr(C, W) for all but three countries using the first-differenced data, and for all but 10 countries using HP-filtered data.
IV. Conclusion
The correlations examined in this note suggest little evidence to support the notion that individuals in different countries use international financial markets to pool aggregate consumption risk in the way that simple theoretical models suggest. For instance, the finding that correlations between consumption and domestic output are higher than correlations between consumption and world output is nearly universal.
However, the characterization of this finding articulated in other studies-emphasizing the relative magnitudes of cross-country consumption and output correlations-is not particularly robust. 16 These results suggest that explaining the high correlation between consumption and output within countries is a more relevant standard for evaluating models of international fluctuations than is the ranking of cross-country consumption correlations and output correlations.
DATA APPENDIX
Quarterly OECD data are from the OECD quarterly national account tape. In cases where seasonally adjusted data were not available (Austria, Finland, Norway, and Portugal), the X-11 procedure was applied to remove seasonal movements. The terminal date for the sample period was 1993Q4 (except for the Portuguese data, which ended in 1993Q3). Starting dates for the data are: Canada, Japan, United Kingdom, and United States, 1955Q1; Australia 1959Q3; OECD total 1960Q1; Norway 1966Q1; West Germany 1968Q1; France, Italy, Spain, and Switzerland 1970Q1; Finland 1975Q; and Portugal and the Netherlands 1977Q1. Annual data from the Penn World Tables are for 73 countries with data-quality grades of CϪ or higher (Summers and Heston (1991) ). The data are from version 5.5 of the Penn World Tables, which includes observations through 1990.
